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NATIONAL ATVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

STRATN-GAGE MPASUREMENTS OF BUFFETING LOADS
ON A JET-POWERED BOMBER ATRPLANE

By William S. Aiken, Jr. and John A. See
SUMMARY

Buffet boundaries, buffeting-load increments for the stabilizers
and elevators, and buffeting bending-moment Increments for the staebilizers
and wings as measured In grsdual maneuvers for a Jjet-powered bomber air-
Plane are presented. The buffeting-load increments were determined from
strain-gege measurements at the roots or hinge supports of the various
surfaces considered. The Msch numbers of the tests ranged from 0.19 to
0.78 at altitudes close to 30,000 feet. The predominant buffet frequenciles
were close to the natural frequencles of the structursel components. The
buffeting~load data, when extrapolated to low-altitude conditions, indi-
cated loads on the elevators and stabillzers near the design 1imit loads.
When the sirplsne was held in buffeting, the load increments were larger
than vhen recovery was made immediately.

INTRODUCTION

The NACA is currently conducting a flight Investigstion of a
B-45A airplane with the primary objectives of checking the accurscy of
avallable methods of computing loads and load distrlibutions on the hori-
zontal tail of a Jet-bomber airplane, and obtalning full-scale data on
the zero-lift pitchlng-moment coefficient and aerodynamic center of the
wing-fuselsge combination. )

The results of some of these tests have been reported in time-history
form in references 1 to 5. During the course of these tests buffeting
wag encountered at several comblneilons of Mach number and alrplane normal-
force coefficient. To better define safe operating limits as the tests
progressed to lower altitudes, an additional flight was made at high
altltude with the particular objJect of obtaining buffet data. From these
limited date it was possible to define a buffet boundary and to estlmate
the magnitudes of loads on the elevators, stebllizers, and wings for lower
altltudes. These data, which are presented in this paper, all apply to

S



2 » SEEE. ~ NACA RM L50I06

the original B-USA configuration, that is, without reflexed flaps and
ailerons end tall-tip incidence changes.

SYMBOLS

Cx normal-force coefficient (%%gga
Cru bending-moment coefficlent _(?endingbmcmenﬁ>

®3
q. dynamic pressure, pounds per square foot (p.TpM?D
P free-stream statlc pressure, pounds per square foot
M Mach number
8 area of component belng considered, square feet
b/2 semigpan of component beilng conaidered, inches
n . alrplane normal acceleration, g units
BM bending moment, inch;pounds
Subscripts:
A alrplane
T horizontal tail
E elevator
W wing
B buffet

TESTS AND INSTRUMENTATION

All tests reported in this paper were made with the original B-4SA
service configuration, that is, without the reflexed flaps and ailerons
or changes in the stablilizer tip incildence which are now incorporsted on
all B-45A eirplanes. (Table I glves some pertinent geometric character-

istics of the airplane.)
e
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The test data fall into two classes, Intentional buffeting and insd-
vertent buffeting for the sirplane in the clean condition. All dabta
obtalned in intentional-buffeting meneuvers were from one f£flight, which
was made for the purpose of establishing the airplane buffet boundary in
gradual turning maneuvers. Fourteen turns were made at Mach numbers
from 0.48 to 0.78 at a pressure altitude close to 30,000 feet, and on
elght of these runs buffeting-locad data were obtalned. For slx of the
fourteen runs it was not possible to obtain buffeting without exceeding
3.0g (the msximum load factor set for these tests).

Some 22 runs from other flights where buffeting was encountered are
algo Included 1n the deta. These runs include wind-up turns, level-
flight stalls, and abrupt pull-ups. Most of these data were also obtained
in the vicinity of 30,000 feet pressure altitude. '

The primary load-measuring instrumentation for determining buffeting
loads consissited of shear and bending-moment messuring strain-gege bridges
mounted on the main spars of the wing and tail surfaces. Loads on the
elevator were measured by means of strain gages mounted on the individual
hinge brackets. Figure 1 is & three-view drawing of the test alrplane
showing the approximate locations of the strain—gqge bridges.

All strain-gage Installations were initially calibrated in terms of
the principal type of load affecting the output of the bridge. For
example, to measure the shear at the root of the horizontsl tall on one
side, four arm shear strain-gage bridges were mounted on the webs of
the three main stabillzer spars. Calibrating loads were first applied
to the structure ocutboard of the straln-gage station In order to determine
the responses from the individual bridges. These bridges were then
combined electrdically so that the shear independent of torque could be
evaluated from the recording of only one channel. Following the elec=
trical cambination of the shear strain-gage bridges, the tall was
recalibrated to determine the effects of bendlng moment and carry=through
on the measured shear deflection. Thus, the net shesr of either side of
the tall was assumed to be glven by an equation of the form

Net Shesr = ASSL + BSBML + CGBMR

where A, B, and C are callbration coefficlents and the & symbols refer
to strain-gage deflectlions for left shear, left bending moment, and right
bending moment, respectively. The term ASSL. ig the primary term in

computing the shear and the other terms are merely corrections. The
actual equations which were used to determine net tall loads are

Net Shear (Left Taill) = 68hOSS + 3008
L

+ 6708
BMp, 7 BMp
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Net Skhear (Right Tail) = h760553 + 6h0BRy,, + 660Bgy

where the 8&'s refer to the ratio of strain-gage deflection to calibrate - -
signal deflection. For the determlnation of aerodynamic loads an 1nertia
correction is added to the net shears. _ -

All of this ies mentioned in detall to polnt out that, for the
buffeting incremental loads given in this paper, only the portion of the
shear measured by use of the primary term ASg is used. In evaluating
strain records of rapidly oscillating loads by using more then one strain-
gage record large errors would be introduced due to difficulties 1in exact
time correlation since_the shears and bending moments are not always in
rhase. The shear given by the term ASg; 1is the major portion of the

structural shesar (aerod.ynamic plus inertia) at the strain gage statiom.
The ather terms (BBEML and, CBEMR) are used to obtain accurate measure-

ments of non-buffeting loads. .
The bending moment on the horizontal stabillzers was determined in

a manner gimilar to the shear, different calibration constants being

used in the equations. , Shear and bending moment at the rooct of both -

wings were also found in the same manner. _ : -

The elevator loads were meesured by combining the output from the -
three outer hinge-support straln-gage bridges and the three inner hinge-
support strain-gage bridges and then determining the elevator load from
a calibration equation of the form = ° - .

Net Load (Elevator) = A ¢ + Bdy,

The ectual equations used for determining the elevator net loads were

Net Load (Left Elevator) = 26505,y + 537084y,

Net Load (Right Elevator) = 29408 + lnlrroain

out

The various strain-gage deflections were recorded on two 18~-channel
Consolidated oscillographs at paper speeds from 2 to 4 inches per second
with individual galvanometer responses linear to 60 cycles per second.

Standard NACA photographic recording instruments Installed for the
primery test program were used to measure airspeed end altitude, rolling,
plitching, and yawing veloclitles, sldesllp engle, acceleratlons, control
forces, and control positions. Normal, transversé, and longitudinal
accelerations were measured st the airplane center of gravity end at
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fuselage station Tlh (approx. the one-quarter mean chord of the horizontal
tail).

An asirspeed boom was mounted at the left wing tip wlth the zlrspeed
head approximately one local chord length shead of the leading edge.
The results of a Fflight calibration of the alrspeed system for position
error and en anslysis of available data for & similer installstion indi-
cate the measured Mach number differs from the true Mach number by less
than +0.01 throughout the test range.

RESULTS AND DISCUSSION

Buffet Boundary

For the tests where the pllot was intentionally approaching buffetidg
conditions e switch wes provided which, when depressed, marked an acceler-
ocmeter record. The pilot's opinion of the start of buffeting could then .
be correlated wilith either strain-gage or accelerometer records. It was
found that the pilot was sensitive to sn ogclllating lced of +200-pounds-
per-side change in tail or stabilizer load so that this criterlon was
used to establlish & gradual-stall buffet boundary for the original service
configuration.

Figure 2 is a sample oscillograph record showing the approach to .
buffeting and the manner 1n which the intemnsity of buffeting lncreases
with time under buffeting conditions. The maneuver shown is a gradusal .
turn at a Mach number of 0.72 at an altitude of 33,500 feet. For sim-
plicity, only a few of the traces are ldentified. They are as follows:

1., Left-stabllizer shear

2. Right-stabilizer sghear

3. Left-gtabllizer bending

4, Left-wing bending

5. Left-elevator outboard shear

6. Left-elevator inboard shear
For the sample record trace number 2, the right-sigblilizer shear reaches
a buffet amplitude of 1200 .pounds at a time somewhere between 0.2 and
0.4 second. The actual trace deflection is shown in figure 2 as the
shaded region lsbeled "i200 1bs.” The pilot indicated the start of

buffeting at time 0.2 second. The Mach number for the start of buffeting
is 0.728 and the normal-force coefficient for the alrplane, CNA’ is O.T1.
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The gradusl-turn buffet boundary for the test alrplane is shown in
figure 3 in terms of CNA and Mach number for start of buffeting. All

polnts shown on flgure 3 were obtalned at a pressure altitude of 30,000 feet
with the exception of the point at M = 0.23 and CNA = 1.34 which was

obtained from a level-flight stell at 17,000 feet. In eddition to actual
buffeting points, several maeneuvers were made which closely approached the
buffet boundary and a few of these have been used in order to ald in the
determination of the boundary, All polnts where buffeting elther stopped
or started were establlished by the criterion of 200 pounds tall load per
glde, 1llustrated in figure 2. For the airplane in the clesn conditiom,
in gradusl turne or level-flight stall maneuvers, the polnte shown as
circles indlicate the start of buffeting, those as clrcles with crossea
superimposed, the stop of buffeting, and the crosses, no buffet. The
sequere polnts define & buffet boundary for abrupt pull-ups over & limited
Mach number range.

Several polnts of interest may be noted in connection with figure 3.
The boundsry for the alrplane in the clean condition, as defined by the
solid line, is markedly similar to other buffet boundaries for alrplanes
heving lesminar flow or low-drag wings with a depression occurring near a
Mach number of 0.5 and a secondary peak around & Mach number of 0.65
followed by & sharp drop toward zero alrplane normal-force ccefficient.
The polnts which define the boundary are quite consistent except at the
lowest Mach numbers.

The three abrupt pull-up points at Mach numbers of 0.355, 0.h402,
and 0.452 show the expected increase in meximum normal-force coefficilent
with pitching veloclty before buffeting las reached.

Buffeting boundaries were calculated from the faired curve of fig-
ure 3 end are shown in figure 4 for various altitudes. The curves given
apply to the clean condition and a welght of 82,600 pounds. Under these
conditions figure 4 indicates that buffeting would not be encountered
without exceeding the design load factor of 3.0g under the followlng
epproximeate conditions:

1. Pressure altitude - O feet, no buffeting between Mach numbers
of 0.40 and 0.76 .

2. Pressure altltude - 10,000 feet, no buffeting between Mach num-
bers of 0.52 and O. 75

3. Pressure altityge - 20,000 feet, no buffeting between Mach num-
bers 0,60 0. Th

At altitudes above about 28,000 feet, buffeting may be encountered with-
out exceeding 3.0g. From figure 4 it may alsc be noted that buffeting

VT
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will be encountered in level flight at s Mach number of 0.75 at a pressure
altitude of 40,000 feet.

Buffeting-Losd Incremeits

Horizontal stabilizer shear.- As described under the section entitled
"Ingtrumentation,” the buffeting increments glven for horlzontal stabilizer
shear were obtained from the strain-gage records by considering only the
portion of the shear measured by the combined shear gages. Because
torgional effects have been calibrated out, the buffeting-load increments -
exe not representative of the stresses in the individual spars. The
maximim buffeting Iincrement about a mean curve through the time-history
record was determined for each run where buffetlng was encountered for
both the left and right horizontal stebllizers. The buffeting increments
were converted to coefficient form by the expression

Load
AC = =oad
¥rp T oSy

where the load in this casse is the double amplitude ss measured from the
strain-gage records. The data from each run were then plotted to obtain
flgure 5 on which ACNTB is shown as & function of Mach number. Different

gymbols are used to separate the points for the left and right stabilizer
and between intentional and "inasdvertent" buffeting. Left-stabllizer
polints are shown as clrcles, right-stabilizer points as squares, and
intentional-buffeting deta are indicated with a cross superimposed on the
left or right symbol, There is no noticeable dlfference 1in loads measured
on the right or left tall.’ ' )

The difference between the terms "inadvertent buffeting” and "inten-
tional buffeting" is that in the case of inadvertent buffeting the pilot
recovered quickly from the buffeting condition while for intentional
buffeting the airplene was allowed to shake for a period of about 5 seconds.
Inspection of figure 5 shows the Ilnadvertent-buffeting loads to be, on
the average, well below the intentional ones. This suggests that the
length of time in buffeting may govern the magnitude of the buffet loads.
Longer perliods of time 1n buffeting mey give the load components due to
the varlous frequenciles more of a chance to become in phase. Specifically,
1t can be seen from figure 5 that the buffeting-load lncrements measured
in the abrupt pull-up iansuvers made at Mach numbers of 0.36, 0.40, and
0.45 are well below the maximum boundary. For these abrupt pull-ups, the
pilot pushed down quickly as the airplane began to stall and thus, although
higher 1ift coefficlents were reached then during some gradual maneuvers
in this same Mach number renge, the loads are relatively low.

!I__""‘"
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The test data sre too limited to permlit an accurate upper boundary
to be falred through the data which may be used for extrapolation to

other altitude or dynamic-pressure conditions. Longer perlods in -

buffeting might have produced even larger loads. However the Ilntentional-
buffeting maneuvers are belleved to be more severe than will normally be
encountered on gervice airplanes and therefore the upper boundery should
be conservatlive. Most of the datas were obtailned at 30,000 feet except
for the point at M = 0.23 and ACNTB = 0.26 (absolute load value,

1450 pounds) which was measured at a pressure altitude of 17,000 feet
and 1s one of the points usged in fairing the boundary line.

Uging the boundery curve of figure 5 together with the expressian

B - Sp
2 = ACNTBQ?

the variation of & maximum incrementael buffeting structural tail load as

a function of Mech number and pressure altitude was calculated and is

shown in figure 6. These loads apply to one side of the tall outboard

of the strain-gage station and represent the positive or negative incre-

ment in structursl tell load sbout the balancing load. Curves are given

for altitudes of O, 10,000, 20,000, 30,000, and 40,000 feet presaure -
altitude. In order to define betier the load limits for actual alrplane
operating condltions the curves of figure L have been cross plotted on

figure 6 ag 1ines of n =3 and n = 1, The shaded area therefore -
represents buffeting conditions which cannot be reached without exceeding T
3g. It will be noted that with 3g ag a 1limit (3g equals limit load factor
for the airplane design gross welght of 82,600 pounds) the maximum
‘buffeting-load increments will occur st Mach numbers from 0.4 to 0.5 at
pressure sltitudes from O to 10,000 feet. Two points shown as clrcles

are the points measpured at 30,000 feet. The polnt at a Mach number of
0.48 and a load of #2160 pounds 1a the largest shear increment measured.

According to information recelved from the manufacturer, the limit
up load for the stabllizer per side was §,250 pounds, while the limit
down load for the stablllizer was -12,050 pounds per side. The stabilizer
was loaded during static tests to 150 percent of the 1imit up load without
fallure and 157 percent of the 1limit down loadl before failure.

Although the maximm total buffeting tall-load increment reaches
about T5 percent of the limit-up-load value, local stresses in the spar
webs may be appreclably higher since one of the modes of vibration of the
tail in buffeting 1s a torsional one and the strain-gage circults are
designed to nullify any torsion effects. dJust what the stress increment .-
due to torsion is for this alrplane cannot be determined, but unreported
tests made on an F-51D airplane at Langley with individual and combined
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strain-gage recording during buffeting indicates that torsional loads
may double the load or stress in the spar webs.

Figure T ls & plot of the horizontal-tall aerodynemic balancing
load per slde as a function of Mach number and pressure altitude. The
curves for the various altitudes are the tail losd (same as stabillizer
load in this case) required to balance the alrplsne st the buffet boundary
with the center of gravity at 30.5 percent M.A.C. They are determined
from an unreported analysis of NACA flight teil-load measurements for the
test alrplane at 30,000, 22,500, and 15,000 feet. They are not exact
since the calculations were mede assuming s constent average aerodynamic-
center position while the flight data indicasted a forward movemen® of
the zerodynemic center wlth Increasing alrplane normel-force coefficlent.
As on figure 6, the lines for n =3 and n =1 g alrplesne normal
accelerations are for a welght of 82,600 pounds. The shaded region
requires more than 3g to reach buffeting. At Mach numbers above sbout -
0.75 the reglon requiring more than 3g lies between the n = 3 curve
and the zero altitude curve,

Considering flgures 6 and 7 together, it msy be seen that the limit
structural tail load could be exceeded in a gradual turn to 3g at a Mach
number of 0.4 at gea level. The load per side would be 6500 pounds,
buffeting increment, plus 4500 pounds, aerodynamic balancing, minus
1350 pounds, normal inertia, or a total of 9650 pounds. If the airplane
were accelerating in pitch, thils load would be exceeded. The term
-1350 pounds arises from the normsl inertia load on the tail in a turn
to 3g, the weight of the tall outboard of the strain-gege station being
450 pounds.

Stabilizer bending moment.~ The increments in the stabllizer bending-
moment coefficient during buffeting are shown in figure 8 as a function
of Mach number. As in the case of the tail shear, different symbols are
used to separate intentional and inadvertent buffeting and left- and
right-slide values. The bending-moment coefflcient 1s defined as

where the bending moment 1s the double ampllitude considering only the
portion of the bending moment measured by the bending-moment bridge on
elther the left or right sides. There is no signiflcant difference
between the polnts shown for the left and right stabillizers, but inten-
tional buffeting produces higher bendling-moment increments than lnadvertent
buffeting. The highest bending-moment increment measured corresponds to
the point shown at M = 0.23 and ACBMTB = 0.12%F with an absolute value

of #176,000 inch-pounds.

row -
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Wing bending moment.- Left- and right-wing-buffeting bending-moment
coefficlents are plotted In figure 9 as'a function of Mach number. The
wing bending-moment coefficlent is defined as

Bending moment

AC
My
B G.Sw—

where the bending moment 1s a double-amplitude measurement for the wing
in buffeting., No distinction 1s made for left- and right-wing points or
for intentional and inadvertent buffeting. No significant difference
was found to exist for the two wings and bending moments in Inadvertent
maneuvers were lower than in Intentional maneuvers. The highest bending-
moment buffeting increment measured was at a Mach number of 0.23, a

ACEMW of 0,036 with an absolute value of 430,000 inch-pounds. Wing-

buffeting bending-moment increments were determined from only the strain-
gage bending-moment bridges on the wings.

No values of wing-shear buffeting increments are presented since
the loads were always lower than 21000 pounds and the ghear-gage sensi-
tivities for the wing only permits reading accuracles of +400 pounds.
For normal-maneuvering flight, the aserodynamic end inertia loads on the
wing (for the weight as flown, about 60,000 1b) are of the same order of
magnitude. Since the measured wing shears in buffeting were very small,
it appeers as though the aerodynamlc and inertia loads in buffeting are
180° out of phase and of the same order of magnitude.

Elevator loads.- The elevator buffeting-losd increments were
determined by the addition of the measured loads on the cuter and inner
gets of hinge brackets. As explained in the section "Instrumentatiom,"
the elevator structural loads were obtzined from equations of the form

Load (Elevator) = AS, tey + Bdipner

Although the peak buffetlng increments did not always occur on the ocuter
and inner hinge brackets at thé pame time, they were seldom more then
200 pounds different. For ease, therefore, in presenting the results
the assumption has been made that the pesk loads did occur at the sgeme
time,

The left- and right-elevator buffetling-load coefficilents for both
inadvertent-~ and Intentionsl-buffeting maneuvers are shown in figure 10
as a function of Mach number. The elevator load coefflclent 1e defined

asg
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LCw =
BB oSg

where the load is the double amplitude for one elevator during buffeting.
Agaln there 1s no definite difference in left and right locads, but loads
obtained during intentlonal buffeting are congidersbly higher on the
average than in the Inadvertent cases.

A maximum line is drawn on figure 10 from which the curves shown in
figure 11 of elevator buffeting-l'cad lncrement per side for various Mach
numbers and altitudes were derlved. Since there is some doubt regarding
the boundary for figure 10 below a Mach number of 0.40, the curves of
figure 11 start at this point. Lines identifying normal accelerations
of 1 g and 3g for an ailrplane weight of 82,600 pounds are also shown.
The shaded areéa represents a buffeting region for which the 1limit load
factor of 3g would have to be exceeded.

The design limit up load for the elevator is 3675 pounds per side
while the design limit down load is -4620 pounds per side. The elevator
i1s reported by the manufacturer to have carried 187 percent of the limit
up load and 150 percent of the limit down load without failure. While
1t appears as though the ultimate load for the elevator could easlly be
exceeded due to buffeting alone, there are several factors which mske
such a conclusion rather unlikely.

As mentioned previously, loads are being measured on the hinge-
bracket supports end 1t 1s not possible to separate ocut for buffeting
conditions the portion of the load on these brackets which is due to
bending of the stabllizer and the actual load on the elevator. Even if
most of the loed on the hinges were coming from the elevator, a large
portion of i1t may be due to the Ilnertia of the large concentrated weight
items (the mass balances) which would affect only the torque tube and
the hinge-bracket. stresses. If such were the case then, wilth the design
margins of safety, the hinge brackets are more than adeguate to carry
these loads. The strain-gage instrumentatlion does not permit further
analysis of this point.

The meximum messured elevator buffeting-load increment was
2,750 pounds on the right side at & Mach number of O. 48k at a pressure
altitude of 30,000 feet. This point, together with several others, is
illustrated in figure 11. This buffeting load (2,750 pounds) 1s a larger
load than the meximum buffeting load measured (2080) on the right
stabllizer. This discrepancy can be due to omission of terms in com-
puting the sgtablilizer shear or to the fact that elevator and stabilizer
loads are not in phase at all times.
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Buffeting and Structural Fregquencles

Ap in the case of the tests reported in reference 6, there is a
marked similarity hetween the structurel natural frequencies and the
frequencleg which appear to he present in the astrain-gage records.

Table II lists some pertinent alrplane structural frequencies obtained
for the most part from vibration tests conducted on an XB-45 ailrplane

at Wright-Patterson Air Force Base {(reference 7). Since the tall span
is longer by several feet than the one tested by the Air Force, the tail
bending frequency listed was obtained in ground tests at the Langley
Aeronautlcal Laboratory.

No detalled analysis has been made of the straln-gsge records from
a frequency standpoint meinly because the film speed was gulte low, but
a survey of all buffeting records showed the frequencles listed in the
lower portion of table II. The frequencles are grouped with the strain-
gage record from which they were obtained. The wing-bending gages showed
a frequency very close to 4 cycles per second with occasiocnal low-
amplitude oscillations near 10 and 14 cycles per second. The stabilizer,
shear, and bending strain-gege records were camposed mainly of oscilla-
tions at 4, 6, 10, and 36 cycles per second. The elevator-shear-gage
records were mainly composed of oscillaticns at 6 and 36 cycles per second.
Some of the frequencies listed may be observed in the sample strain-gage
record shown in figure 2, but the buffeting amplitudes are fairly low end
it is difficult to pick out the high-frequency osclllations on this
particular record. :

During all huffeting maneuvers the wings were oscillating in phase,
but the left- and right-elevetor and stabllizer loads would be ocut of
phase ag often as in phase.

SUMMARY OF RESULTS

The gradusl-stall buffet boundary, as establlshed by the onset of
buffeting from straln-gage records, appears similar to that of other
airplanes with low-drag airfolls. T '

Maximum values of buffeting-load increments resulted from the
intentional-buffeting maneuvers where buffeting continued for & con-
slderable time. Smaller load Increments were obtained during inadvertent
buffeting where the time in buffeting was very short due to quick recovery.

The maximum buffeting tall-shear increment measured was +2,160 pounds
at a Mach number of 0.48 and a pressure altitude of 30,000 feet. The
dats indicated buffeting tall-load coefficlernts would decrease with
increages in Mach number in the ranges investigated. Appsrently, critical
values of buffeting tall load may result &t low altltudes and relatively
low Mach numbers in gradual turns.

T
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The maximum buffeting elevator load messured was 2,750 pounds at
a Mach number of 0.48 and & pressure altitude of 30,000 feet. While the
extrapolatlon of the date has been limited to a Mach number range from
0.40 to 0.80, the data indicate loads measured on the elevator hinges
could exceed the permissible limlt load for the elevator within the
present operating range of the ailrplane.

Wing bending moment and shear increments during buffeting were
relatively small. The wing-shear Iincrements never éxceeded #1000 pounds.

The buffeting frequencies estimated from the strain-gage records
indicated & definite simlilarity to the structural natural frequenciles.
The left and right elevator and stabillzer were at times in phase and
at times out of phase with one another, whereass the left and right wings
were always 1n phase with one another during buffeting.

Langley Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va. ’
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TABLE I

GEOMETRIC CHARACTERISTICS OF TEST ATRPLANE

Wing: _ ] :
Span, feet . « .« ¢« ¢ & ¢ ¢ o . .
Area, square feet . . . . . .

Mean aerodynamic chord, feet .
Alrfoil, root &« ¢« ¢« ¢« « ¢ & o &
Airfoil, tlp . . . 0 e 0 . .
Taper ratio e e 4 s o o s = @

* 2 e & e o0
e & e 2 e »
* o & o & o
& & s s »
e & 2 e o »
L] L] ] L] L) .
. 0 2 e 8 e
L)
e o e o o @
a L] . L] . L]
" e & o 8 @

Horizontal Tall Surfaces:
Area (including fuselage), square feet . . . . . . . .
Span, feet . o« v ¢ ¢« ¢ ¢« o ¢ o o« o ¢ ¢ s s 2 e o o

Elevator:
Area (including tabs), square feet . . . . . . . . . .

15
. 8g.0h4
. 1175
. 1k, 02

NACA 66,2-215
NACA 66 1-212

. 2.k2

. 289.44
. 43.87

. 67.71

NACA,
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TABLE II

FREQUENCY CHARACTERISTICS

Natural Frequencies of Alrplane

Wing:
First symmetrical bending .

Components (cps):

NACA RM L50I06

First antisymmetrical bending and innerupannel torsion
Symmetric bending and inner-panel torsiom . . .

Unsymetrical wing bending and inner-panel torsion

Second symmetrical bending
Outer-penel torsion . . . .

Fuselage, torsion and side bending (primarily

Fuselage vertical bending . .

Horlzontal stabllizer:

Primary bending (symmetrical) . « « « « o s « o &

Torslon . ¢« ¢ ¢ ¢« ¢ ¢« « &« &
Elevator:

Torque tube torgion . . .

Symmetrical rotation . . .

Buffeting Frequencies Estimated
Followlng Strain-Gage Bridges

Wing bending . . . . . « « .
Stabllizer shear . . . « + »

Stabilizer bending . . . . .«

Elevator shear . ¢ « '« « o o -

. . e o . e . .« e . .

from Records for the
(cps):

L

U 20 o\ =

[ ]
n

Q W WWNPNOO

®

. 4, 10, 14
¥, 6, 10, 36
5, 6, 10, 36
... 6, 36
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FPigure 1.~ Three-view drawing of test airplane showing approximate
locations of strain-gage bridges.
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Figure 2.~ Typical strain-gage record during buffeting.
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Figure 1 - Three-view drawing of test ailrplane showirg epproximate
locations of strain-gage bridges.
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Figure 3.~ Buffet boundary for test airplane.
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